Background: There is no consensus on the therapeutic approach to ECOG 2 patients with locally advanced non-smallcell lung cancer (LA-NSCLC), despite the sizable percentage of these patients in clinical practice. This study focused on the efficacy, toxicity and the optimal chemotherapy regimen of CCRT in ECOG 2 patients in a phase III trial. Methods: Patients capable of all self-care with bed rest for less than 50% of daytime were classified as ECOG 2 subgroup. A subgroup analysis was performed for ECOG 2 patients recruited in the phase III trial receiving concurrent EP (etoposide + cisplatin)/PC (paclitaxel + carboplatin) chemotherapy with intensity-modulated radiation therapy (IMRT) or three-dimensional conformal external beam radiation therapy (3D-CRT).
Background
Non-small-cell lung cancer (NSCLC) accounts for 85% of all lung cancers [1] , and approximately 30% of NSCLC present with locally advanced disease (LA-NSCLC) [2] . Performance status (PS) is a recognized prognostic factor for lung cancer which is often taken into account while choosing therapeutic strategy [3] . The Eastern Cooperative Oncology Group (ECOG) scale is the most commonly used tool to assess PS, with scores ranging from 0 (normal functional status) to 5 (death) [4] . Typically, patients with an ECOG score of 0-1 are labeled as "good PS". For LA-NSCLC patients with good PS, concurrent chemoradiotherapy (CCRT) is the standard-of-care [5] .
A pooled analysis demonstrated that approximately 30% of lung cancer patients had an ECOG score of 2 [6] . Despite a sizable percentage of ECOG 2 patients, no specific treatment guidelines exist for this subgroup and management options in clinical practice range from radiotherapy/chemotherapy alone to combined modality of radiotherapy and chemotherapy. In the clinical trials evaluating CCRT, patients with ECOG score of 2 suggesting slightly poorer treatment tolerance and prognosis have been excluded or underrepresented [7] [8] [9] . As a result, the efficacy and safety of CCRT for ECOG 2 patients with LA-NSCLC remains to be defined.
In the modern era, three-dimensional conformal radiation therapy (3D-CRT) and subsequently to intensitymodulated radiation therapy (IMRT) offer further improvements in conformality. Recently, IMRT has been demonstrated to improve dosimetry, reduce the risk of radiation induced toxicities, and at least provide equivalent disease related outcome compared to three-dimensional conformal external beam radiotherapy (3D-CRT) [10] . The clinical benefit brought by utilization of IMRT may bring opportunities of definitive treatment for ECOG 2 patients.
The phase III trial [11] which compared efficacy of concurrent thoracic radiotherapy with either etoposide/ cisplatin (EP) or carboplatin/paclitaxel (PC) in LA-NSCLC revealed that EP might be superior to weekly PC in terms of overall survival (OS). In contrast to other phase III trials, this trial enrolled ECOG 2 patients with a higher proportion at approximately 40%. Since limited treatment outcome data of CCRT have been available for ECOG 2 patients with LA-NSCLC, we present the data from a subgroup analysis of the phase III trial above that focused on the efficacy, toxicity and the optimal chemotherapy regimen of CCRT in ECOG 2 patients with LA-NSCLC.
Methods
The trial was a prospective, randomized, open, multicenter phase III study comparing the efficacy and safety of concurrent EP versus PC chemotherapy with radiotherapy for LA-NSCLC. Patients were stratified by institution and stage before randomization. The Ethics Committee of the participating institutions approved the study protocol, and all patients provided signed informed consent before enrollment.
Patient eligibility
Patients eligible for the phase III trial had histologically/ cytologically confirmed inoperable AJCC stage III NSCLC. Eligibility criteria included ECOG≤2; unintended weight loss≤10%; forced expiratory volume in 1 s (FEV1) ≥40% of normal; adequate bone marrow, renal, and hepatic function; and absence of malignant pleural effusion, active uncontrolled infection, significant cardiovascular disease, history of other malignancies and previous treatment with radiotherapy or chemotherapy.
Treatment
The chemotherapy regimen for the EP arm consisted of etoposide 50 mg/m 2 on days 1-5 and cisplatin 50 mg/m 2 on days 1, 8, every 4 weeks for two cycles; and chemotherapy regimen for the PC arm consisted of 45 mg/m 2 paclitaxel and carboplatin (AUC 2) on day 1 once a week. Radiation regimen was 2 Gy per fraction to a target dose of 60 to 66 Gy using 3D-CRT or simplified IMRT.
Evaluation and follow-up
Pre-treatment assessment included chest and abdominal CTs, brain MRI/CTs, bronchoscopies, and radionuclide bone scans. The follow-up evaluations consisted of patient history, a physical examination, and chest CT at intervals of 3 months for 2 years and then 6 to 12 months for 3 years, then annually. Other imaging examinations were obtained as clinically indicated.
The treatment response was evaluated using the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.0. Toxicities were graded according to the Common Toxicity Criteria for Adverse Events (CTCAE) version 3.0.
Definition of ECOG 2 subgroup and study aims
The ECOG PS scale is a 6-point numerical scale, with scores ranging from 0 (normal functional status) to 5 (death), in incremental steps of 1. In accordance with the ECOG scale [4] , we classified patients capable of all self-care with bed rest for less than 50% of daytime as ECOG 2 subgroup.
The aims of the present subgroup analyses were (1) explore the efficacy and safety of concurrent chemoradiotherapy for ECOG 2 patients with LA-NSCLC and (2) identify the optimal chemotherapy regimen concurrent with radiation for the ECOG 2 subgroup.
Statistical analysis
OS, progression free survival (PFS) and cancer specific survival (CSS) were defined from the date of randomization to the time of specific event: any cause of death, progression, or cancer specific death. The date of death was chosen as the date of progression if no other information on progression was documented. OS and PFS analyses were performed using the Kaplan-Meier method and the log-rank test. Cox proportional hazards models, stratified by age, sex, pathology, weight loss, stage and smoking history were used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs). A competing risk survival analysis was conducted for CSS using Fine and Gray's method [12] . Dichotomous data were compared by chi-square test and continuous variables were compared using Mann-Whitney U test. A two-sided p < 0.05 was considered as statistically significant. All data were processed by SPSS software version 19.0 or R version 3.5.1 (http://www.R-project.org/).
Results

Patient characteristics
Two hundred patients were enrolled from nine institutions in China from August 2007 to August 2011. Of the 200 patients, nine patients were excluded and three had stage IV disease. Two patients had small cell lung cancer and 4 refused to be randomized. 191 participants (95 in EP arm and 96 in PC arm) were treated according to protocol and eligible for analysis. The characteristics of the 191 patients are presented in Table 1 .
A total of 71 ECOG 2 patients were enrolled into the study, accounting for almost 40% of all patients. The median age of the ECOG2 patients was 58 years (range, 32-70 years). The majority of patients were younger than 65 years old (76.1%) and male (83.1%) with no significant (< 5%) weight loss (62.0%) and a smoking history (71.8%). The most common pathology subtype was squamous cell carcinoma (SCC) (76.1%). And 78.9% of patients presented with stage IIIB disease. As shown in Table 1 , no statistically significant differences were found in the clinical characteristics between the ECOG 2 and the ECOG 0-1 subgroups. Among ECOG 2 patients, 31 patients were assigned to the EP arm and 40 to the PC arm. Clinical characteristics were generally well balanced between the two treatment arms within the ECOG 2 group.
Treatment delivery
As shown in Table 2 , radiotherapy was administered according to protocol in 97.2% ECOG 2 patients, with 1 patient in the EP arm refused to complete full-dose radiotherapy and 1 patient in the PC arm didn't finish radiotherapy due to toxicity. A total of 46 (64.8%) ECOG 2 patients were treated with IMRT technique. 78.9% of ECOG 2 patients received a radiotherapy dose of ≥60 Gy. Regarding chemotherapy compliance for ECOG 2 patients, more patients in the EP arm (90.3%) completed concurrent treatment as planned than those in the PC arm (60.0%) (p = 0.004). The main reason for not completing chemotherapy was unacceptable toxicity, which was seen in 2 patients and 13 patients in the EP and PC arms, respectively.
In terms of radiotherapy technique, more ECOG 2 patients were treated with IMRT than ECOG 0-1 patients (64.8% vs. 34.2%, p < 0.001). After CCRT, a significantly smaller percentage of ECOG 2 patients (19.7%) received consolidation chemotherapy than that in ECOG 0-1 patients (56.7%) (p < 0.001). No significant difference was observed in terms of radiotherapy discontinua-tion、radiation dose、gross tumor volume (GTV) and dosimetric parameters (mean lung dose and V20) between the ECOG 0-1 and ECOG 2 groups, or EP and PC arms within the ECOG 2 group (Table 2) .
Efficacy
As shown in Fig. 1 , ECOG 0-1 patients achieved significantly better OS compared with ECOG 2 patients (median OS, 30.1 months vs. 16.4 months; 3-year OS, 44.2% vs. 15.5%; p < 0.001). Consistent with the OS results, the median PFS and 3-year PFS for ECOG 0-1 patients (14 months and 28.3%) were also superior to those for the ECOG 2 patients (9 months and 2.8%) (p < 0.001). Considering the non-cancer related death as a competing risk, competing risk survival for the CSS was performed. The 3-year cumulative incidence of cancer death for the ECOG 0-1 patients (50.8%) was significantly lower than that for the ECOG 2 patients (76.1%) (p < 0.001). For ECOG 2 patients, median OS and 3-year OS were 15.7 months and 37.5% for the EP arm and 16.8 months and 7.5% for the PC arm (p = 0.243). Median PFS and 3-year PFS were 9.0 months and 3.2% for the EP arm and 9.0 months and 2.5% for the PC arm (p = 0.709). There was no difference in 3-year cumulative incidence of cancer death between EP and PC arm (77.4% vs. 75.0; p = 0.276).
Objective response rate (ORR) did not differ between the ECOG 0-1 and ECOG 2 patients (71.7% vs. 64.8%, p = 0.320). Of the 71 ECOG 2 patients, the responses of complete response (CR)、partial response (PR) and stable disease (SD) were observed in 1 (1.4%) patients, 45 (63.4%) patients and 25 (35.2%) patients, respectively. The ORR was 67.7% (with 0% CR) in the EP arm versus 62.5% (with 2.5% CR) in the PC arm without a significant difference (p = 0.646).
A total of 184 patients (64 with ECOG 2 and 120 with ECOG 0-1) were available for patterns of first failure analysis. A significant difference in treatment failure Fig. 1 a-b , Kaplan-Meier curves by arm and ECOG status for overall survival (a) and progression-free survival (b). c, Cumulative incidence function of cancer death from competing risk survival analysis by arm and ECOG status. P values were from log-rank tests for a and b, and from Fine and Gray's method for c. PC = paclitaxel/carboplatin; EP = etoposide/cisplatin; ECOG = Eastern Cooperative Oncology Group performance score pattern was seen between the ECOG 0-1 and ECOG 2 patients (p < 0.001). The incidence of locoregional failure for ECOG 2 patients was much higher than that for ECOG 0-1 patients (48.3% vs. 15.8%). A smaller percentage of ECOG 2 patients had brain metastasis as first relapse (2.8% vs. 14.2%). Within the ECOG 2 patients, the EP arm and the PC arm showed similar patterns of first failure with no significant differences.
A subgroup analysis was performed to evaluate whether there was a differential effect of different chemotherapy regimen in predefined subgroups of ECOG 2 patients. As shown in Fig. 2 , there was no difference in OS between the EP arm and the PC arm in any subgroups analyzed.
Toxicity
As shown in Table 3 , there was no significant difference regarding hematologic toxicities、esophagitis、radiation pneumonitis、gastrointestinal or dermatological toxicities between ECOG 0-1 and ECOG 2 patients. For ECOG 2 patients, a significantly higher portion of patients developed grade ≥ 3 radiation pneumonitis in the PC arm (17.5%) than those in EP arm (0.0%) (p = 0.014). 5 (7%) ECOG 2 patients in the PC arm died from grade 5 radiation pneumonitis. The incidence of grade 3 esophagitis was numerically higher in the EP arm (25.8%) than that in the PC arm (10.0%), though not reaching statistical significance (p = 0.078). No significant difference in hematologic toxicities, gastrointestinal toxicities or dermatological toxicities between the two treatment arms was observed.
Discussion
As a widely recognized prognostic factor for lung cancer, PS has a significant impact on treatment choice. While many phase III trials have established CCRT as a standard care for LA-NSCLC with good PS, the best treatment approach for ECOG 2 patients has yet to be determined. Patients with poor prognostic factors including age ≥ 70 years, ECOG≥2, weight loss > 5% or 10% or presence of major comorbidities were referred to in the literature as "poor risk". A few prospective trials have investigated proper treatment modality for poor risk patients.
Two phase II studies [13, 14] conducted by Southwest Oncology Group (SWOG) evaluated CCRT approach for poor risk stage III NSCLC, in which the percentages of ECOG 2 patients were 18% (n = 11) and 43% (n = 37) respectively. Patients were treated with carboplatin/etoposide chemotherapy given concurrently with two-dimensional radiotherapy of curative dose (61 Gy). The results suggested that CCRT was well tolerated and yielded a promising survival (median OS, 13 months and 10.2 months) comparable to that of patients with better prognosis receiving sequential CRT reported in contemporary studies [15, 16] . Based on the encouraging outcome achieved in the above single arm phase II trials, many clinical trials have investigated whether CCRT is superior to radiotherapy alone or chemotherapy alone for poor risk stage III NSCLC. Nawrocki et al. [17] conducted a phase II study which randomly assigned poorrisk stage III NSCLC to either radiation alone of palliative dose (30Gy) or the same radiation dose delivered concurrently with the third of 3 cycles of cisplatin/vinorelbine. Three-dimensional conformal planning was used. This trial enrolled 12 (25%) ECOG 2 patients in the radiotherapy arm and 14 (27%) in the concurrent chemoradiation arm. The study demonstrated that concurrent chemotherapy significantly prolonged median OS (9 months vs. 12.9 months), 1year OS (25% vs. 57%) and 2-year OS (6% vs. 24%) at the expense of worsened hematological toxicities. A Norwegian multicenter phase III trial [18] compared concurrent carboplatin/vinorelbine and palliative thoracic radiation (42 Gy/ 15 fractions) with chemotherapy alone for poor-risk stage III NSCLC. The study concluded that CCRT was superior to chemotherapy alone with respect to survival and quality of life. There were 20.2% (n = 19) ECOG 2 patients in the chemotherapy arm and 23.3% (n = 21) in the CCRT arm. Subgroup analysis of ECOG 2 patients revealed that median OS was similar in both treatment arms (7.8 months in the CCRT arm and 7.5 months in the chemotherapy arm), possibly because of the small sample size (p = 0.24), though 1year survival rate was much higher numerically in the CCRT arm (28.6%) than in the chemotherapy arm (10.5%).
In our phase III trial, good PS was a favorable prognostic factor for survival. The median OS was 30.1 months versus 16.4 months for the ECOG 0-1 arm versus the ECOG 2 arm (p < 0.001). The encouraging median OS of 16.4 months for the ECOG 2 patients was better than the outcome data for either good PS patients receiving sequential CRT (median OS 11 months to 14.6 months), or poor risk patients receiving CCRT (median OS 10.2 months to 14 months) reported in randomized clinical trials [13, 19, 20] . The prolonged survival of ECOG 2 patients conferred by CCRT may be attributed to several reasons as follows. Firstly, CCRT is superior to sequential chemoradiotherapy theoretically given the spatial cooperation and radiosensitizing properties of concurrent chemotherapy [21] . Secondly, except for PS of ECOG 2 and weight loss ≥5% (n = 27), our enrolled patients had no other poor prognostic factors. As a result, the prognosis of ECOG 2 patients in our study was more favorable than that of the poor risk patients enrolled in other clinical trials [13, 14, 17, 18, 20] . Thirdly, our CCRT intensity including RT dose and chemotherapy regimen was more aggressive than that administered for poor risk patients with palliative intent [17, 18] . In our study, CCRT was tolerated well in ECOG 2 patients with no significant increase in toxicities compared with good PS patients. The increased therapeutic intensity may result in the prolonged survival in our study than that achieved in palliative setting. Lastly, unlike historical studies using two-dimensional RT or 3D-CRT to treat poor risk patients, our study implemented IMRT for [11, 22] comparing IMRT versus 3D-CRT.
In routine oncologic practice, LA-NSCLC patients with poor PS are often not candidates for standard CCRT due to poor tolerance and increased toxicities. However, our study suggested that treatment compliance and toxicities were similar between the ECOG 0-1 patients and the ECOG 2 patients. Radiation technique development and better supportive care have brought opportunities of definitive treatment for selective patients with poor performance status. Compared with 3D-CRT, IMRT has been reported to reduce treatmentrelated toxicities including esophageal and pulmonary toxicity [23, 24] . In addition, employing timely supportive care made acute toxicities manageable in order to avoid treatment interruptions and discontinuations. In our study, ECOG 2 patients were less likely to receive consolidation chemotherapy than ECOG 0-1 patients. The inferior survival result in SWOG 9712 compared to SWOG 9412 demonstrated that the addition of consolidation chemotherapy after CCRT led to increased toxicity without a survival benefit [13, 14] . Increased toxicities and uncertainty of a survival benefit of consolidation chemotherapy may result in the reluctance to prescribe and accept consolidation chemotherapy by oncologists and patients in our study.
With respect to the optimal chemotherapy regimen for ECOG 2 patients, the 3-year OS was much higher in the EP arm (37.5% vs. 7.5%) arm, though the OS did not reach the statistical difference. This might possibly due to the small sample size. The 3-year survival of ECOG 2 patients treated with EP regimen was comparable with good PS patients receiving CCRT reported in randomized clinical trials [15, 25] . In consistent with toxicity profile for our overall phase III trial population, more patients in the PC arm developed grade ≥ 3 radiation pneumonitis than those in EP arm (17.5% vs. 0%, p = 0.014). This was similar to the result of our previous phase II trial [26] and result of a meta-analysis of 836 patients reported by Palma et al. [27] . Treatment-related death were all due to grade 5 radiation pneumonitis in the PC arm. There was a trend that the incidence of grade 3 esophagitis was higher in the EP arm than in the PC arm (25.8% vs 10.0%, p = 0.078). The tolerability of concurrent chemoradiotherapy with EP was supported by the lower incidence of treatment related death and a higher percentage of patients in EP arm who completed concurrent chemotherapy as planned. With the development of immunotherapy, the NCCN guideline recommends durvalumab (category 1) as consolidation therapy for patients with stage III NSCLC who have not progressed after definitive concurrent chemoradiotherapy based on the PACIFIC trial. However, severe radiation pneumonitis from previous chemoradiotherapy was one of the contraindications of consolidation immunotherapy. As a result, the lower incidence of severe radiation pneumonitis in the EP arm may provide patients more chance to receive consolidation immunotherapy and thus contribute to prolonged survival.
The limitation of the study is that ECOG 2 subgroup analyses were not pre-planned in the phase III trial. The relatively small sample size of this subgroup may not be powered to make accurate inferences regarding the optimal chemotherapy regimen for the subsets. Moreover, except for ≥5% weight loss, the ECOG2 patients in our study had no other known poor prognostic factors listed above. Hence, these results should be interpreted with caution. Whether the results of the ECOG 2 subgroup analyses can be extrapolated to the real world ECOG2 population remains unclear.
Conclusions
This prospective study demonstrates that ECOG 2 patients might benefit from CCRT with promising survival. Treatment discontinuation rate and toxicities were not significantly increased for ECOG 2 patients compared to those for ECOG 0-1 patients. For the ECOG 2 patients, the EP arm had similar survival compared to the PC arm. Compared with PC regimen, the EP regimen had a significantly lower incidence of grade ≥ 3 radiation pneumonitis and no fatal grade 5 radiation pneumonitis, thereby showing an acceptable safety profile in ECOG 2 patients. Prospective CCRT randomized study based on IMRT technique are warranted to validate our findings. 
